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Lanthanum hexaboride is one of the cathode materials most used in high-power electronics technology, but
the many experimental results do not provide a consistent picture of the surface properties. Therefore, we
report the first ab initio calculations of the work functions and surface energies of the (001), (011), (111),
(112), and (012) surfaces by considering the different surface terminations and structural relaxation. Either
the (111)B- or the (001)La-terminated surface is the most stable, depending on La chemical potential. The
work function of the latter is the lowest (2.07 eV) of the surfaces considered. Both the work function and
surface energy decrease further when surface La is replaced by Ba and become, respectively, 1.43 and 7.7
eV/nm2 at the chemical potentials of elemental lanthanum and barium bulk. These results compare favorably
with previous work on the intermetallics BaAl4, CaAl4, and BaAuIn3. Their most stable surfaces possess the
lowest work function. Now, we study a compound with a decidedly different crystal type and with its
constituting elements from column 3 of the periodic table, of which one is nonmetallic.
1. Introduction
Electron-emitting materials are applied in many types of
technology. Some examples are vacuum electronic devices such
as cathode-ray tubes (CRTs), microwave devices, FELs (free
electron lasers), and organic light-emitting diodes (OLEDs).
Important desirable properties of a cathode metal are a low work
function (…) and a high (surface) stability.1 Ideally, they are
combined in one surface of one compound.
A low work function and high (surface) stability are
incompatible for elements in general: the element with the
lowest work function, cesium (2.14 eV),2 is highly reactive and
possesses a low melting temperature. Noble metals (silver/gold/
platinum), on the other hand, are hardest to oxidize, but their
(polycrystalline) work function is at least twice as large (4.25/
5.1/5.65 eV, respectively).2 The model of Smoluchowski3
explains the (surface) anisotropy for the elements well: the
surface electrons are smoothed with respect to the bulk
termination at an “open” surface, i.e., one with a smaller number
of atoms per surface area. As a consequence, a dipole moment
builds up that decreases the work function. On the other hand,
open surfaces tend to be less stable.
Few results are available on the work functions and the
stability of compound surfaces. In previous (theoretical) work,4,5
we showed that the cationic surfaces of intermetallic compounds
with polar unit cells are stable and exhibit the lowest work
function. It is even lower than that of the elemental constituents.
The difference in electronegativity between the constituting
elements lowers both the work function and enhances the
stability of the cationic surface. To explore the generality of
the effect, a study was initiated on surfaces of LaB6.
Lanthanum hexaboride is an excellent thermionic electron
emission source with high brightness, low volatility, and long
service life.6 It functions equally well as a thermal field emitter,7
and is easy cleavable and stable, even in air.8 The crystal
morphology depends on the preparation conditions: needles,
rods, and nanowires are possible with different orientations as
well as plates and cubic crystals. The melting point of LaB6 is
2715 °C, and it is only reactive in the molten state.9 Lanthanum
hexaboride is a purple metal, and its electron conductivity is
about 1/5 of that of copper.10
The work functions of cubic LaB6 have been studied
intensively, but there is little consensus. Already, before 1976,
values ranging from 2.3 up to 3.2 eV were published for the
(001) surface according to Yamauchi.11 Later reports of Aono
et al.,12 Mogren et al.,13 Marchenko et al.,8 Waldhauser et al.,14
and Kawanowa et al.15 present work functions of, respectively,
2.1, 3.3, 2.5, >2.6, and 2.3 eV.
There is no agreement, either, on the order of the work
functions for the different surfaces. Most groups state that …(001)
< …(011) < …(111) (Takigawa et al.)16 as, e.g., Nishitani et al.:17
2.3, 2.5, and 3.3 eV, respectively. This ordering is explained
by a surface dipole moment that lowers the work function.
Others obtained orderings of 2.68 eV (011) < 2.86 eV (001) <
3.4 eV (111) (Oshima et al.).18 Nevertheless, some groups
present lower work functions for higher index surfaces: ¥ 2.2
eV (012), which is smaller than those of the (001), (011), and
(111) surfaces (Oshima et al.),19 ¥ 2.5 eV (013) < …(012) < …(001)
< …(011) < …(111) < …(112) (Gesley et al.),20 ¥ 2.41 eV (346),
2.5 eV (001), 2.64 eV (011), 2.90 eV (111) (Swanson et al.).21
The last group mentioned, however, that much heating was
required to get reproducible values. Moreover, …(346), as
determined by thermionic emission (TE) above 1200 K, agreed
poorly with the RT (room temperature) value from the field
emission retarding potential (FERP) method.
Conflicting evidence also exists on the temperature depen-
dence of the work function. Fomenko22 states that, when using
the contact potential difference (CPD) method at RT, it is
approximately 2 eV and that it increases to about 3 eV at
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1000 K as determined by TE. According to Samsonov et al.,23
on the other hand, the value is 2.95 eV and it hardly depends
on temperature. Kuznetsov et al.24 even reported that the mono-
crystaline work function decreases with temperature. They give
values of 2.64 eV (001), 2.81 eV (polycrystalline) and 2.76 eV
(polished polycrystalline), all at high T. Other work functions
obtained for polycrystaline samples by Yutani et al.,25 Ebihara
et al.,26 and Baikie et al.,27 respectively, are 2.7-2.8 eV (thin
films), 2.68 eV, and 2.55 eV, which rises to 3.65 eV when
poisoned with residual gas. Nakamoto et al.7 use a similar
phenomenon (oxidation) to explain the difference between their
measured 3.7 eV and the reference value of 2.8 eV. Pelletier et
al.,28 using a Richardson method, also found a polycrystalline
work function of 2.70 eV, but that decreases to 2.36 eV when
the molybdenum contaminations were removed from the surface.
They concluded that the variations in work function are generally
caused by surface impurities.
It is interesting to see what more controlled modifications of
the surface can do. Chambers et al.29 report that the work
functions of the (001) and (011) surfaces of LaB6 are both 2.78
eV and that Cs absorption lowers them to, respectively, 1.97
and 1.88 eV. The work function even becomes as low as 1.35
and 1.47 eV, respectively, when there is preabsorbed oxygen
present on the surface before the cesium is deposited.
Danielsen30 reported that a thick layer of cesium oxide at LaB6
causes a work function as low as 1.0 eV and that this layer is
stable up to 390 K. By linearly extrapolating his TE results
around 1000 K, Fomenko31 hinted that the work function of a
layer of BaB6 could be as low as 1.38 eV for low temperatures.
There is one theoretical paper on the …(001) of LaB6 by Monnier
et al.10 According to their DFT calculation, surface atom
relaxation lowers the value from 2.45 to 2.27 eV.
There is incomplete knowledge on the stability of lanthanum
hexaboride surfaces. Zhang et al.6 created a nanowire with a
[111] growth direction and found that the (001), (011), and (111)
planes are the principal terminating facets and thus the most
stable ones. It might be concluded from the terminating area
sizes that the (001) surface is somewhat more stable than the
(011) surface and that the (111) surface is less stable still. The
conclusion is supported by the flat termination of nanowires
with a [001] growth direction32 and X-ray diffraction, both on
thin films25 and coatings on molybdenum14 of LaB6. Takigawa
et al.16 found that emission from the [001] cathodes is unstable
in contrast with emission from [011] and [111] cathodes. It was
explained by evaporation of the (001) surface from the top of
the [001] cathode and formation of (001) surfaces on the slope
of the [011] and [111] cathodes. Again, the (001) surface is
most stable. In addition, Oshima et al.19 measured the stability
of the (012) surface against oxygen chemisorption. It is
comparable to that of the (011) surface, but low with respect to
that of the (111) and (001) surfaces, though.
A better picture can be given of the structure of LaB6 surfaces.
The (001) surface is unreconstructed and terminated by lantha-
num atoms.15 The top layer is somewhat displaced inward with
respect to the bulk positions. Oshima et al.19 observed a 1  1
La structure at the (012) surface, which they modeled with
repeated steps of (001) and (011) faces. However, the XPS (X-
ray photoemission spectroscopy) results at large angles give
more lanthanum than the model can account for. The (111)
surface is also unreconstructed, it is supposed to be terminated
by B atoms and subsurface La atoms have, most likely, also
moved outward. The lanthanums at the (011) surface are
displaced outward, but no consensus exists on its reconstruction.
Oshima et al.18 saw (111) facets on the (011) surface (at
1400 °C and lower vacuum), and according to Nishitani et al.,17
there is a c(2  2) reconstruction caused by the La atoms.
Watson et al.33 analyzed its surface structure and mentioned
that the (011) surface appears neither to facet nor to reconstruct,
though, in accordance with low-energy electron diffraction
(LEED) results of Swanson et al.21
From theory side, Monnier et al.10 found that (001) La atoms
move inward by 6.5% of the lattice constant during structural
relaxation, that the relaxation energy is 0.4 eV per surface unit
cell, and that there is an 8.4 eV/atom energy difference between
the (001)La surface and the (001)B one, with the surface
lanthanums removed to the vacuum.
In this paper, the theoretical anisotropy of the work function
and surface energy of LaB6 is reported from ab initio calcula-
tions on the (001), (011), (111), (112), and (012) surfaces of
lanthanum hexaboride, including the different surface termina-
tions and structural relaxations. No reconstructions are consid-
ered, but we did consider [001] steps at the (012) surface and
monolayers of Ba and Cs as well as bilayers of La at the (001)
and (112) surfaces.
The paper is organized as follows. First, the details of the
calculations are given. Next, the crystal and electronic structure
are reported. The following section is devoted to the work
functions of LaB6. After that, the surface stabilities are discussed,
and finally, the conclusions are presented.
2. Computational Method
The first-principles calculations were carried out using density
functional theory (DFT) in the local density approximation
(LDA)34 with generalized gradient corrections (GGA).35 We
used the total energy and molecular dynamics program Vienna
ab initio simulation package (VASP),36-38 which has the
projector-augmented-wave method (PAW)39,40 implemented.
Nonlinear core corrections41 were applied for all atoms. Semi-
cores of Cs, Ba, and La 5s and 5p electrons were included. The
Kohn-Sham orbitals were expanded in plane waves, with
cutoffs of 400 eV for the bulk and the (001)La surface
calculations and 319 eV for the rest. The Brillouin zones were
sampled with 12â12â1 (001), 12â8â1 (011), 8â8â1 (111), 6â6â1
(112), and 8â2â1 (012) Monkhorst-Pack42 k point grids. They
had symmetries of, respectively, C4V, C2V, C3V, C1, and C1h,
which resulted in 28, 35, 10, 13, and 10 k points, respectively,
in their irreducible parts. The (periodically repeated) unit cells
contained slabs with thicknesses of 4 [(001) boron], 5 [other
(001)], 6 [(011) and (112)], and 9 [(111) and (012)] bulk unit
cells. Dipole corrections were used for slabs with two different
surfaces.
Figure 1. Simple cubic crystal structure of LaB6. Each lanthanum atom
is enclosed in a boron cage of 24 atoms.
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3. Lanthanum Hexaboride Structure
The LaB6 crystal structure43 is depicted in Figure 1. It is
simple cubic (space group 221), and each La is enclosed in a B
cage of 24 atoms that makes for the rigidity of the structure.
The lattice constant is experimentally determined at c ) 4.153
Å, with a boron positional parameter of z ) 0.1993. Our
theoretical values of c ) 4.145 Å and z ) 0.1996 deviate less
than 0.2%. It follows that interoctahedral boron bonds (a in the
figure) are 94% of the length of the intraoctahedral ones (b).
The binding energy is calculated at 3.96 eV per formula unit
with respect to hexagonal lanthanum and R-rhombohedral boron.
It compares well with formation enthalpies given by Topor et
al. (-4.15 eV/formula unit)44 and Meschel et al. (-3.6 eV/
formula unit).45
The (001), (011), (111), (112), and (012) surfaces are
considered in this study. For each direction, one termination is
possible with lanthanum atoms (called La) and two or three
consisting only of boron atoms (see also Figure 2). The latter
either form a stoichiometric slab by themselves46 or together
with the lanthanum surface. They are called Bstoi and Bdip,
respectively. The (001) and (112) surfaces with an extra La layer
(named 2La) or with all surface La replaced with Ba (Ba) or
Cs (Cs) are also studied, as well as [001]La steps on the (012)
surface. The latter is depicted in Figure 3.
The bulk density of states (DOS), integrated DOS, and partial
DOS per atom of are shown in Figure 4. The DOS has a peak
at 2 eV above the Fermi level consisting of La f states. The
corresponding band structure is depicted in Figure 5. It compares
very well to that of Van der Heide et al.47 and to the full potential
linearized augmented plane waves (FLAPW) LDA bandstructure
from Kubo et al.48 The main difference is that, in the latter result,
the band between M and ¡ is not split up.
4. Work Function
The work function is defined as the minimum amount of
energy it takes to extract electrons from a metal, i.e., bring them
from the Fermi level (EF) to the vacuum Vvac.
The work function is surface dependent at locations that are
microscopically far from the material but macroscopically near.
The work function at the large distance then is an average over
the various surfaces.49 A bulk calculation provides an accurate
EF. It can be compared with the vacuum potential of a
Figure 2. Bdip (left) and La (right) terminations of the (111) surface
of LaB6. The [112] direction is also indicated.
Figure 3. Stepped (012) surface (left) of LaB6. The [001] direction is
also indicated.
Figure 4. Density of states (DOS, states/eV/formula unit) of LaB6 as
function of energy relative to EF. Integrated DOS (number of electrons)
and partial DOS (states/eV/atom) of crystallographic nonequivalent
atoms are also plotted. La f states are scaled down by a factor of 4.
The radii used for the atoms are 1.9 Å (La) and .9 Å (B).
Figure 5. Band structure of LaB6 along high-symmetry lines.
… ) Vvac - EF
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calculation with a slab of material in the supercell by means of
the average (electrostatic) potential in a bulk unit cell (〈V〉). The
procedure is outlined in Figure 6. Ten Å of empty space suffices
for the potential to converge to its vacuum value. The work
function of the surface shown is 1.43 eV. Accuracies better than
a tenth of an eV can be achieved with moderate slab widths.50
Figure 7 displays the work functions of the surfaces consid-
ered. The names are explained in the previous section. LaB6
surfaces containing La possess the lowest work function for
each direction, and surprisingly, those are all about 2.4 eV.
Except for the (001) surface, the work functions increase
considerably by structural relaxation. This can be attributed to
the relatively small amount of (La) atoms per surface area for
these surfaces. The lanthanum atoms then move inward during
relaxation, and so boron atoms come closer to the surface. The
ionic surface dipole that decreases the work function is reduced.
The opposite reasoning explains that adding an extra La layer
to the (112)La surface decreases the work function considerably,
as this increases the surface atom density. Both the amount of
relaxation is reduced, and the ionic surface dipole is increased.
Substitution of surface lanthanum with Cs or Ba atoms does
not quite have this effect. We get an idea of the size of the
ionic surface dipoles by comparing the work function of La
surfaces with those for (0001) and (0120) surfaces of elementary
lanthanum. Calculations show that they are 3.13 and 2.92 eV,
respectively, and that ionic dipole moments are considerable.
Lanthanum atoms at the (001)La surface relax no less than
0.3 Å inward, in good agreement with Monnier et al.10 However,
the effect of relaxation on our work function (2.50 eV decreases
to 2.07 eV) is a little larger than what they find. Moreover, the
effect is opposite to that at the other surfaces, where the work
functions increase, because the lanthanum density at the (001)
surface is larger. The inward movement of surface atoms now
increases the ionic dipole moment because the remaining
electrons of the La atoms can then participate in a surface state
with the B atoms, as observed by angle-resolved UPS51 and
shown by Monnier et al.10 We also find this surface state. The
increased density of atoms at the surface also makes that addition
of an extra layer of La at the (001) surface does not decrease
the work function, but replacing the original (surface) lanthanum
with barium does, even to a astonishingly low value of 1.43
eV. The value agrees very well with the work function of a
layer of BaB6, as hinted by Fomenko.31
The work functions of the boron-terminated surfaces range
from less than 4 eV to nearly 6 eV and also the effect of
relaxation greatly varies: work functions mostly decrease, that
of the (001) Bdip surface even by 1 eV, but e.g., the work
function of the (011) Bdip surface increases by a few tenths of
an electronvolt. On one hand, an increase is expected from the
Smoluchowski rule: relaxation “closes” the surface and reduces
the smoothing of the electrons. An open B-terminated surface
neighboring a La layer, on the other hand, would show a
decrease because relaxation then makes lanthanum atoms move
closer to the surface and thereby decreases the ionic surface
dipole moment. These considerations explain the relaxation
effects for all but the (001) Bdip surface. At that surface, the
outer B layer moves in by 0.2 Å and so flattens the octahedra
of which it is part. Apparently, the ionic surface dipole decreases
exceptionally.
We conclude with the (012) surface. It is a good example of
a higher index surface for which the Smoluchowski rule predicts
a decreased work function and stability. Moreover, Gesley et
al.20 and Oshima et al.19 even reported that its work function is
lower than that of the (001) surface. Therefore, it makes for a
good test case both to estimate the relevance of the results on
low index surfaces and to check the appropriateness of the old
rule, as this is a quite open surface.
Our calculations show that the work function of the (012)
La termination is 3.63 eV and that relaxation increases it to
3.92 eV. The Bdip termination is even more dramatic: it
Figure 6. LaB6 (001) surface with a monolayer Ba on top. The charge
density (F, arbitrary units) and electrostatic potential (V, eV relative to
EF) are laterally averaged and plotted as a function of position
perpendicular to the surface (z). The potential is, for each z, also
averaged over a bulk unit cell. Layers of La, B, and Ba are indicated
with blue, red, and black circles, respectively. The average bulk potential
is -8.71 eV. The work function (…) results in 1.43 eV.
Figure 7. Work functions (…, eV) of the LaB6 surfaces. Arrows
indicate the effect of structural relaxation. No arrow means that only
the work function of the relaxed surface is plotted. Names of the
surfaces are explained in the text. Lines connect the data points. The
lowest work function value (1.43 eV) is for the (001) surface with a
monolayer Ba on top.
Figure 8. Work functions (…, eV) of the LaB6 (012) surfaces
terminated by lanthanum, by boron, and by [001] steps, as explained
in the text. Arrows indicate the effect of structural relaxation.
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possesses a work function of 5.20 eV (5.77 eV before
relaxation). The Smoluchowski model cannot explain these
results.
The enormous discrepancy between the measured and the
calculated (012) work function could be resolved by considering
steps on the (012) surface. Oshima et al.19 proposed a model of
repeated [001] and [011] faces. Their model, however, cannot
fully account for the amount of lanthanum as seen by XPS,
and the (011) work function is quite a bit larger than that of the
(001) surface. Therefore, we consider only steps of [001] faces.
These steps do decrease the work function considerably, to 2.88
eV before and 2.38 eV after relaxation, but it is still above the
(001) one. The results are displayed in Figure 8.
This surface already shows rather extreme behavior but does
not improve on the results of the surfaces of lower index, and
so we presume that it is not necessary to study surfaces of even
higher index.
5. Surface Stability
The stability of a surface is a complex notion. It not only
depends on the (initial) surface energy (ç), but also on the energy
of the final or transition state one considers. Hence, several types
of stability exist: toward decomposition, deformation, roughen-
ing, chemical reactions, etc. The binding energy of a compound
estimates its stability toward decomposition. The anisotropy in
the surface energy determines the stability toward deformation.
Also, the stability toward roughening contains contributions from
surfaces of other indices. In fact, lowering the energy of the
surface under consideration increases its stability indiscrimi-
nately. The (relative) energy of a surface will therefore be taken
as the measure of its stability.
The surface energy is calculated as the difference between
the (total) energy of a slab and that of the equivalent bulk,
normalized to surface area (AS). There is no equivalent bulk
for surfaces that are part of a nonstoichiometric slab. A surface
energy can be calculated, nevertheless, that varies with the
chemical potential of La (íLa), when a thermodynamic equi-
librium is assumed between the bulk and reservoirs of the
constituting elements. For the (001)La surface, we get:
The chemical potential ranges from its elemental bulk value
to that value minus the binding energy of LaB6. Chemical
Figure 9. Surface energies (ç, eV/nm2) of the (001) surfaces as function
of the La chemical potential (í, eV). It ranges from the potential of La
bulk to that minus the binding energy of lanthanum hexaboride. Surface
names are explained in the text. The arrows indicate the effect of
relaxation for two of the surfaces. For the others, only the energy of
the relaxed surface is plotted. (001)La is the most stable one. However,
in nearly the whole range of the chemical potential, the Ba surface is
even more stable.
Figure 10. Surface energies (ç, eV/nm2) of the LaB6 (011) surfaces
as a function of the lanthanum chemical potential (í, eV). It ranges
from the potential of La bulk to that minus the binding energy of
lanthanum hexaboride. Surface names are explained in the text. The
arrows indicate the effect of relaxing the stoichiometric slabs, possibly
terminated by different surfaces. The (011)La surface is the most stable
one.
Figure 11. Surface energies (ç, eV/nm2) of the LaB6 (111) surfaces
as a function of the La chemical potential (í, eV). It ranges from the
potential of La bulk to that minus the binding energy of lanthanum
hexaboride. Surface names are explained in the text. The arrows indicate
the effect of relaxing the stoichiometric slabs, possibly terminated by
different surfaces. The (111)Bstoi surface is the most stable one.
Figure 12. Surface energies (ç, eV/nm2) of the (112) surfaces as a
function of the La chemical potential (í, eV). It ranges from the
potential La bulk to that minus the binding energy of lanthanum
hexaboride. Surface names are explained in the text. The arrows indicate
the effect of relaxing the stoichiometric slabs, possibly terminated by
different surfaces. For the other surfaces, only the relaxed energies are
plotted. (112)La is the most stable LaB6 surface. However, in nearly
the whole plot, the Ba surface is even lower.
çLa(íLa) ) [Eslab - no. formula unitsâEbulk - íLa]/2AS
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potentials can, in principle, be controlled during crystallization.
In general, crystal surfaces with low energies are formed with
large surface areas and vice versa. However, only the most stable
one will be (thermodynamically) formed of the different
terminations of the same index surface.
The surface energies of LaB6 are reported in Figures 9-12
for the (001), (011), (111), and (112) surfaces, respectively. For
all surfaces, the decrease in energy with structural relaxation is
indicated. The relaxation energy of the (001)La surface (0.44
eV per surface unit cell) compares very well with that reported
by Monnier et al.10 The most stable terminations are the (001)-
La, the (011)La, the (111) Bstoi, and the (112)La surfaces. Now,
we focus on the (012) surface. The (average) surface energy of
the La and Bdip terminations is 22.2 eV/nm2, and both do not
depend strongly on the chemical potential. They do not need to
be considered further. The (012) surface with steps of [001]
faces is much more stable, though.
It is depicted in Figure 13 together with the most stable
surfaces of other indexes. Of these, the most stable is either the
(111) surface or the (001) surface, depending on chemical
potential. The (112) surface is a little more stable than the (011)
surface, and the (012) surface is least stable of all.
Concerning surface adlayers, substitution of La with Ba on
the (001) and (112) surfaces stabilizes those further (the
chemical potential of elemental barium is taken). This is in
contrast with addition of an extra layer of lanthanum. The effects
are understood by realizing that the binding between lanthanums
is weaker than the bond between a lanthanum and a boron atom
and that barium at the surface has one few broken bond than
lanthanum. The (001)Ba surface is most stable.
6. Conclusions
To summarize, we carried out first-principles calculations on
the (001), (011), (111), (112), and (012) surfaces of lanthanum
hexaboride to study the anisotropy of both the work function
and the surface energy and their relationship. The different
surface terminations and structural relaxation were taken into
account. No reconstructions were considered, but we did include
[001] steps at the (012) surface. We also studied the influence
of monolayers of Ba and Cs and bilayers of La at both the (001)
and the (112) surfaces. Of LaB6’s intrinsic surfaces, either the
(111)B or the (001)La surface is most stable, depending on
chemical potential. The latter has a very low work function of
2.07 eV. By substituting barium atoms for surface lanthanums,
both the energy and the work function decrease even further.
The resulting work function and surface energy values are,
respectively, 1.43 eV and 2 eV/nm2 in the middle of the range
of the chemical potential.
Let us now make contact with experiment. Our work function
for the (001)La surface compares very well to that reported by
Aono et al.12 (2.07 vs 2.1 eV). Our work functions for the
stepped (012), (011)La, and (111)B surfaces (respectively, 2.38,
2.94, and 3.98 eV) correspond reasonably to those of Oshima
et al. (respectively, 2.2, 2.68, and 3.4 eV).18,19 Also reproduced
is the La termination of the (001) and (011) surfaces, the B
termination of the (111) surface, as well as the large variation
seen in polycrystalline work function: in changing the lanthanum
chemical potential, a crystal with mainly (001) surfaces can be
turned into one with mainly (111) surfaces (see Figure 13). The
work functions of the two differ by nearly 2 eV. Moreover,
both the energy and the work function of a lanthanum
hexaboride surface strongly depend on its termination (and
possible modifications of surface atoms), and so small surface
contaminations are expected to have a strong effect. Pelletier
et al.,28 Chambers et al.,29 and Fomenko31 all confirm this.
The results on the polar metallic compound LaB6 compare
well to those on the intermetallics BaAl4, CaAl4, and BaAuIn3.4,5
Those compounds contain metallic elements from different
columns in the periodic table, and the surfaces terminating with
the most electropositive elements are most stable. Moreover,
their work functions are lowest and decreased with respect to
their elemental values. Lanthanum hexaboride crystallizes in a
decidedly different structure, and the constituting elements are
from column 3 of the periodic table. One is even nonmetallic
(B). As a consequence, either a La surface {(001)} or a boron
surface {(111)} is most stable, depending on chemical potential.
The lanthanum and boron layers at the latter surface are nearly
equiplanar, and as a result, the work functions of those
terminations differ least (… ) 3.26 and 3.98 eV, respectively).
We conclude that LaB6 is a more complex compound; neverthe-
less, the generality of a stable and low work function surface
still holds.
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